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(57) ABSTRACT 

A thermo-insulation article for a heat absorptive element, 
e.g., a Water-cooled pipe, in a furnace has tWo parts joined 
to form a member for covering the pipe. Each part has an 
interconnected reticulated metal structure embedded in a 
refractory material. A thermo-insulating mat mounted over 
inner surface of the parts has a thermal conductivity loWer, 
e.g., equal to or less than 25% loWer, than thermal conduc 
tivity of the refractory material of the part. In one non 
limiting embodiment of the invention, the thermo-insulating 
mat has a thermal conductivity equal to or less than 0.15 
Btu’s/hour/ft/ degrees Fahrenheit, and the refractory material 
has a thermal conductivity in the range of 0.30-0.60 Btu’s/ 
hour/foot/ degrees Fahrenheit. A surface of the mat is embed 
ded in the refractory material and, optionally, a protective 
layer covers outer exposed surface of each of the mats to 
protect the mats during shipping and handling. 



Patent Application Publication Jul. 19, 2007 Sheet 1 0f 2 US 2007/0167098 A1 



Patent Application Publication Jul. 19, 2007 Sheet 2 0f 2 US 2007/0167098 A1 



US 2007/0167098 A1 

LOW CONDUCTIVITY REFRACTORY 
INSULATION MEMBER WITH FIBER MAT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/703,650, ?led Jul. 29, 2005, 
and titled “LoW Conductivity Refractory Insulation Member 
With Fiber Mat”, Which application is incorporated herein 
by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] This invention relates to a loW conductivity refrac 
tory insulation article, e.g., a thermal insulation member, 
having a ?ber mat and, more particularly, to a thermal 
insulating holloW member or sleeve having a thermal insu 
lating ?ber mat on the inner surface of the sleeve. In one 
non-limiting embodiment of the invention, the sleeve is 
mounted on Water-cooled pipes in Work piece support struc 
tures in a heat-treating furnace to thermally insulate and 
protect the pipes. 

[0004] 2. Description of the Available Technology 

1. Field of the Invention 

[0005] A number of different furnace insulation systems 
are utiliZed in modern day furnaces to protect the metal 
structures contained in the fumace and to minimiZe heat 
losses of the fumace. More particularly, the metal structures 
in the fumace, such as skid pipes, crossover pipes, and other 
support members, on pusher furnaces, and moving and ?xed 
horiZontal beams on Walking beam fumaces are subjected to 
high and cyclic temperatures, repetitive vibrations, scale 
buildup, and occasional damaging bloWs from Work pieces 
or chunks of metal and scale. Further, the pipes are normally 
holloW and Water-cooled, thereby making them extremely 
heat absorptive. 

[0006] US. Pat. Nos. 4,182,609 and 4,189,301 each dis 
close presently available insulating systems. Of particular 
interest in the present discussion is the insulating system 
disclosed in US. Pat. No. 4,189,301, Which includes a cast 
refractory insulating member into Which is solidly embed 
ded a reticulated metal mesh reinforcement member having 
a ?brous insulating material engaged Within mesh loops of 
the reticulated metal structure. The ?brous insulating mate 
rial has better heat insulating properties than the cast refrac 
tory material. 

[0007] Although the insulating member of US. Pat. No. 
4,189,301 provides better heat insulating properties than 
most, if not all, other available insulating systems, there are 
limitations. More particularly, the ?brous insulating material 
has to be cut into strips and threaded through the Wire loops 
of the mesh reinforcement member. This procedure is time 
consuming and/or expensive, e.g., eliminating the cutting 
and threading steps Would reduce the cost of making the 
insulating member. Further, the strips of the ?brous insulat 
ing material preferably completely ?ll the Wire loops When 
a refractory insulating material is subsequently cast onto the 
reticulated metal structure. In this manner, the cast refractory 
material enters the Wire loops, and the reinforcement mem 
ber is at least partly embedded Within the refractory insu 
lating material to reinforce both the refractory and the strips 
of ?brous materials and creates a bond betWeen the tWo 
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materials, Which imparts a high degree of strength to the 
entire insulating member. As can be appreciated, When the 
strips of the ?brous material only partially ?ll the Wire loops, 
less than the maximum thickness, length, and/or Width of the 
strips are used, thereby reducing the maximum thermal 
insulation bene?t that can be realiZed by using the ?brous 
insulating material With the castable refractory material. 
LightWeight, possible refractory material has been available 
for some time but its conductivity Was too high resulting in 
bum-up of the mesh regarding enforcement and further 
necessitating the tedious cutting and threading steps. 

[0008] As can be appreciated, it Would be advantageous to 
provide an insulating system that includes a cast refractory 
insulating member, a mesh reinforcement member, and a 
?brous insulating material that has heat insulating properties 
as good as, if not better than, the presently available insu 
lating system and does not have the limitations of the 
presently available insulating system. 

SUMMARY OF THE INVENTION 

[0009] This invention relates to an improved thermo 
insulation article for insulating a heat absorptive element in 
a heated chamber, eg and not limiting to the invention, a 
Water-cooled pipe of a furnace. In one non-limiting embodi 
ment of the invention, the article has at least tWo parts 
adapted to be connected to form a heat insulating member 
for positioning about the element. Each part includes an 
interconnected metal structure embedded in a refractory 
material, e.g., a reticulated metal structure solidly embedded 
in the refractory material. A surface of the refractory mate 
rial of the part de?ned as an inner surface is designated to 
face the absorptive element. The improvement includes, 
among other things, a thermo-insulating mat having a ?rst 
surface and an opposite second surface, With the ?rst surface 
of the mat secured to the inner surface and the second 
surface of the mat spaced from the metal structure. The 
interconnected reticulated metal structure solidly embedded 
in the refractory material provides the article With structural 
stability to protect the heat absorptive element. The metal 
structure may abut the ?rst surface of the mat. 

[0010] In another non-limiting embodiment of the inven 
tion, the thermo-insulating mat has a thermal conductivity 
loWer than thermal conductivity of the refractory material 
underlying the mat, e.g., equal to or less than 25% of the 
thermal conductivity of the refractory material underlying 
the mat. In still another non-limiting embodiment of the 
invention, the thermo-insulating mat has a thermal conduc 
tivity equal to or less than 0.15 British thermal units/hour/ 
foot/ degrees Fahrenheit and the thermal conductivity of the 
refractory material underlying the mat has a thermal con 
ductivity in the range of 0.30-0.60 British thermal units/ 
hour/foot/degrees Fahrenheit. It Will be understood that 
thermal conductivity measurements are temperature depen 
dent. 

[0011] In a further non-limiting embodiment of the inven 
tion, each part has a ?rst edge and an opposite second edge, 
With the ?rst edge of the mats adjacent and spaced from the 
?rst side of their respective one of the parts and the second 
edge of the mats adjacent and spaced from the second side 
of their respective one of the parts, and a ledge of refractory 
material betWeen the ends of the parts and the respective 
edge of their respective mat. 
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[0012] Other non-limiting embodiments of the invention 
include but are not limited to a major surface of the mat 
embedded in the refractory material of its respective part 
and, optionally, a protective layer over surface of each of the 
mats facing aWay from their respective part. 

[0013] The invention further relates to a method of making 
a thermo-insulation article, including the steps of position 
ing a thermo-insulating mat on inner convex surface of a 
mold, the mat having a predetermined thermo conductivity; 
positioning a Wire mesh in the mold spaced from the mat; 
adding a ?uid refractory material to the mold; and solidify 
ing the ?uid refractory material to provide a part of the 
thermo-insulation article, Wherein the solidi?ed refractory 
material has a predestined thermo conductivity greater than 
the thermo conductivity of the mat. 

[0014] In another non-limiting embodiment of the inven 
tion, the steps of positioning a thermo-insulation mat, posi 
tioning a Wire mesh, adding a ?uid refractory material, and 
solidifying the ?uid refractory material are repeated to 
provide a second part of the thermo-insulating article, 
Wherein joining the ?rst and second parts provides the 
thermo-insulating article. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a cross-sectional vieW taken normal to the 
long axis of one non-limiting embodiment of a loW conduc 
tivity elongated refractory insulation member of the inven 
tion mounted on a Water-cooled pipe; 

[0016] FIG. 2 is an isometric vieW of the insulation 
member of FIG. 1, With the Water-cooled pipe omitted and 
portions removed for purposes of clarity; 

[0017] FIG. 3 is an isometric vieW, partly broken aWay, 
shoWing the hook half of one of the parts of the insulation 
member shoWn in FIG. 2; and 

[0018] FIG. 4 is an isometric vieW, partly broken aWay, 
shoWing the loop half of the other one of the parts of the 
insulation member shoWn in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] As used herein, spatial or directional terms, such as 
“inner”, “outer”, “left”, “right”, “up”, “doWn”, “horizontal”, 
“vertical”, and the like, relate to the invention as it is shoWn 
in the draWing ?gures. HoWever, it is to be understood that 
the invention can assume various alternative orientations 
and, accordingly, such terms are not to be considered as 
limiting. Further, all numbers expressing dimensions, physi 
cal characteristics, and so forth, used in the speci?cation and 
claims are to be understood as being modi?ed in all 
instances by the term “about”. Accordingly, unless indicated 
to the contrary, the numerical values set forth in the folloW 
ing speci?cation and claims can vary depending upon the 
desired properties sought to be obtained by the present 
invention. At the very least, and not as an attempt to limit the 
application of the doctrine of equivalents to the scope of the 
claims, each numerical parameter should at least be con 
strued in light of the number of reported signi?cant digits 
and by applying ordinary rounding techniques. Moreover, 
all ranges disclosed herein are to be understood to encom 
pass any and all subranges subsumed therein. For example, 
a stated range of “1 to 10” should be considered to include 

Jul. 19, 2007 

any and all subranges betWeen (and inclusive of) the mini 
mum value of 1 and the maximum value of 10; that is, all 
subranges beginning With a minimum value of 1 or more and 
ending With a maximum value of 10 or less, e.g., 1 to 6.7, 
or 3.2 to 8.1, or 5.5 to 10. Also, as used herein, the terms 
“deposited over”, “applied over”, or “provided over” mean 
deposited, applied, or provided on but not necessarily in 
contact With the surface. For example, a material “deposited 
over” a substrate does not preclude the presence of one or 
more other materials of the same or different composition 
located betWeen the deposited material and the substrate. 

[0020] In the preferred practice of the invention but not 
limited thereto, the loW conductivity refractory insulating 
member With a ?ber mat Will be discussed as a holloW 
member or sleeve having a circular hole for mounting on a 
Water-cooled pipe, e.g. but not limiting to the invention, 
similar in shape to the protective refractory member dis 
closed in US. Pat. No. 4,182,609; hoWever, the invention is 
not limited thereto, and the hole of the insulating member of 
the invention can have any cross-sectional con?guration, 
e.g. but not limiting to the invention, circular, elliptical, three 
or more ?at sides, curved sides, or combinations of ?at and 
curved sides. The disclosure of US. Pat. No. 4,182,609 is 
hereby incorporated by reference. 

[0021] The refractory insulating member of the invention 
can be employed in any type of furnace to thermally insulate 
and protect the metal support structures, Which can include 
Water-cooled pipes, Which are very heat absorptive. A typi 
cal example of such a fumace is a multi-Zone reheat furnace 
for steel slabs prior to hot rolling. It is understood that the 
invention is not limited in its application to the details of the 
particular non-limiting embodiments shoWn and discussed 
herein since the invention is capable of other embodiments. 
Further, the terminology used herein to discuss the invention 
is for the purpose of description and is not of limitation. Still 
further, unless indicated otherWise in the folloWing discus 
sion, like numbers refer to like elements. 

[0022] With reference to FIG. 1, in one non-limiting 
embodiment of the invention, heat-insulating refractory 
article or member 10 includes refractory components or 
parts 12 and 14, each having a body 16 of a castable or 
pressed loW density insulating refractory material, a reticu 
lated Wire mesh member 18 embedded Within the outer body 
16 of the refractory material, and a ?brous thermal insulating 
mat 20 mounted, e.g., secured, on inner surface 22 of the 
outer body 16 of the parts 12 and 14. The heat-insulating 
refractory member 10 is mounted on pipe 24 (shoWn only in 
FIG. 1) With the ?brous thermal insulating mat 20 preferably 
in surface contact With outer surface 25 of the pipe 24. As 
is appreciated by those skilled in the art, the reticulated Wire 
mesh member 18 embedded in the refractory material pro 
vides the parts 12 and 14 With structural stability to protect 
the metal support structures. The invention, hoWever, con 
templates making the parts 12 and 14 Without the reticulated 
Wire mesh member 18. With this arrangement, the member 
10 provides the thermo-insulation properties of the inven 
tion. 

[0023] The body 16, in one non-limiting embodiment of 
the invention, is a refractory material having loW density, 
high strength, and loW thermal conductivity properties. For 
example and not limiting to the invention, the density of the 
dried cured refractory material, i.e., on a dry basis, of the 
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outer body is in the range of 80-110 pounds/cubic foot 
(“lb/ft3”) and, more preferably, 90-100 lb/ft3 and, most 
preferably, 95 lb/ft3. The modulus of rupture of the dried 
cured refractory material is preferably, but not limited to the 
invention, in the range of 550-1,000 pounds/square inch 
measured using applicable ASTM test procedure. In a pre 
ferred non-limiting embodiment of the invention, the outer 
body 16 of the refractory material is phosphate bonded. 
Refractory materials that can be used in the practice of the 
invention but not limited thereto can be purchased from 
ANH Refractories of Moon ToWnship, Pa. 

[0024] The reticulated Wire mesh member 18 can be made 
of any metal useable in a heated environment. Reticulated 
Wire mesh that can be used in the practice of the invention 
but not limited thereto can be 314 stainless steel purchased 
from any Wire mesh company. 

[0025] The ?brous thermal insulating mat 20 of the inven 
tion is not limited to any speci?c type of mat or material and 
the invention contemplates using various ?brous insulating 
materials, e.g., the ?brous insulating materials disclosed in 
Us. Pat. No. 4,189,301, the disclosure of Which is hereby 
incorporated by reference. In general and not limiting to the 
invention, ceramic ?ber material is preferred but glass ?bers 
and high-grade synthetic ?bers are examples of other suit 
able insulating materials. The thickness and the thermal 
conductivity of the ?ber mat 20 are not limiting to the 
invention and should be selected to provide the needed 
insulation. More particularly, for a ?ber mat 20 having a 
constant thickness, as the thermal conductivity of the mat 20 
increases, the amount of heat passing through the mat 20 
increases, and the amount of heat passing to the Water 
cooled pipe increases, and vice versa. Further, for a ?ber mat 
20 having a constant thermal conductivity, as the thickness 
of the mat 20 increases, the amount of heat passing through 
the mat decreases, and the amount of heat passing to the 
Water-cooled pipe decreases, and vice versa. 

[0026] In the practice of the invention, the ?brous mat 20 
has a thermal conductivity loWer than the body 16 of the 
refractory material to reduce the amount of thermal energy 
or heat passing from the heating chamber of the furnace (not 
shoWn) through the body 16 of refractory material to the 
Water-cooled pipe 24. This reduction of thermal energy 
passing through the body 16 of refractory material to the 
pipe 24 by the mat 20 results in the body 16 of refractory 
material and the Wire mesh member 18 to increase in 
temperature. To prevent thermal damage to the Wire mesh 
member 18, according to the invention the thermal conduc 
tivity of the body 16 of refractory material is selected to 
reduce the amount of energy passing through the body 16 to 
the Wire mesh member 18. In this manner, the Wire mesh 
member 18 is protected against thermal damage to maintain 
the structural stability of the parts 12 and 14, While reducing 
the amount of thermal energy passing from the furnace to the 
Water-cooled pipe 24. The Wire mesh 18 may be embedded 
as shoWn in FIG. 1, or it may be abutting the mat 20. As is 
noW appreciated, the instant invention eliminates the need to 
provide strips of ?brous insulating material in the Wire mesh, 
as disclosed in Us. Pat. No. 4,189,301, to prevent thermal 
damage to the Wire mesh. 

[0027] In the practice of the invention but not limited 
thereto, the body 16 of the refractory material has a thermal 
conductivity of less than 0.60 British thermal units/hour/ft/ 
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degrees Fahrenheit (“Btu/hr/ft/oF”), preferably 0.30-0.60 
Btu/hr/ft/oF, most preferably 0.40-0.50 Btu/hr/ft/oF, e.g., 
0.45 Btu/hr/ft/oF. In the preferred practice of the invention, 
the material of the ?brous mat 20 has a thermal conductivity 
loWer than the body 16 of the refractory material, eg and 
not limiting to the invention, preferably, the material of the 
mat 20 has a thermal conductivity less than 0.15 Btu/hr/ft/oF, 
preferably less than 0.10 Btu/hr/ft/°F, and, more preferably, 
less than 0.05 Btu/hr/ft/°F. In another non-limiting embodi 
ment of the invention, the mat 20 has a thermal conductivity 
in the range of 0.05-0.15 Btu/hr/ft/oF. In still another non 
limiting embodiment of the invention, the mat 20 has a 
thermal conductivity equal to or less than 25%, and prefer 
ably 10%, of the thermal conductivity of the refractory 
material. A ?brous mat that can be used in the practice of the 
invention but not limited thereto can be 1/2-inch thick Fiber 
fraxTM paper #550 sold by Unifrax of Niagara Falls, N.Y. 

[0028] The parts 12 and 14 are fabricated in any conve 
nient manner, e. g. and not limiting to the invention, by 
pressing or casting. In a preferred practice of the invention, 
the part 12 or 14 is formed by pressing. In general and not 
limiting to the invention, the pressing process includes 
positioning the mat 20 on inner convex surface of a suitable 
mold (not shoWn), Which Will provide inner surface for the 
part 12 or 14 on outer surface of the pipe 24 and positioning 
the Wire mesh member 18 in the mold adjacent and prefer 
ably, but not limiting to the invention, on top of the mat 20. 
The ?uid refractory material, e.g., pourable or semi-?uid 
“plastic” particle refractory, is poured or scooped into the 
mold. The ?uid refractory material in the mold is hydrauli 
cally pressed With vibration applied to aid in ?lling the mold 
With the ?uid refractory material and the mold heated to a 
temperature to cure the refractory material Without thermally 
damaging the refractory material, the ?brous mat 20, or the 
Wire mesh member 18. The other part 14 or 12 is made in a 
similar manner. In another non-limiting embodiment of the 
invention, the part 12 or 14 is formed by casting. In general 
and not limiting to the invention, the casting process 
includes positioning the mat 20 on inner convex surface of 
a suitable mold (not shoWn), Which Will provide inner 
surface for the part 12 or 14 on outer surface of the pipe 24, 
and positioning the Wire mesh member 18 in the mold 
adjacent and preferably, but not limiting to the invention, on 
top of the mat 20. The ?uid refractory material, e.g., 
pourable or semi-solid “plastic” particle refractory material, 
is poured or scooped into the cast and is cured to provide the 
part 12 or 14. The other part 14 or 12 is made in a similar 
manner. The pressing and casting processes for making 
refractories is Well knoWn in the art and no further discus 
sion is deemed necessary. 

[0029] The ?ber mat 20 is embedded or retained on the 
inner surface 22 of the refractory parts 12 and 14 (inner 
surface 22 shoWn in FIG. 1) by the in?ltration of small 
amounts of the ?uid refractory material into the surface of 
the mat 20 during the pressing or casting process. In one 
non-limiting embodiment of the invention, a periphery 27 of 
the mat 20 is spaced from ends 29 ofthe parts 12 and 14 of 
the mold 10 to provide a frame 26 of refractory material 
around the periphery 27 of the mat 20 (see FIGS. 2). In one 
non-limiting embodiment of the invention, the spaced dis 
tance is 0.75 inch and, preferably, 0.50 inch. As can be 
appreciated, the frame 26 of the refractory material can be 
eliminated and the periphery 27 of the mat 20 can extend to 
the ends 29 of the parts 12 and 14. 
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[0030] The discussion is noW directed to a non-limiting 
arrangement that can be used in the practice of the invention 
to secure the parts 12 and 14 together about an absorptive 
element, e.g., the pipe 24 shoWn in FIG. 1, to thermally 
insulate the pipe 24 and to protect the pipe 24 against 
structural damage in accordance With the teachings of the 
invention. With reference to FIGS. 3 and 4, and not limiting 
to the invention, each of the parts 12 and 14 are semi 
cylindrical and secured together, as disclosed in Us. Pat. 
No. 4,182,609. More particularly and With reference to FIG. 
3, the part 14 includes tWo parallel longitudinal edges 31 
comprised of an inner longitudinal recessed portion 32 
adjacent the mat 20 and a built-up external longitudinal 
portion 34 adjacent thereto. The part 14 further includes tWo 
clips 33, each of Which is connected to the reticulated Wire 
mesh member 18 in the area of the longitudinal edges 31 so 
as to be embedded partially Within the part 14. 

[0031] Each one of the clips 33 includes tWo hooks 36, 
Which initially extend outWard from clip body 38 at right 
angles thereto and then extend parallel to the clip body 38 as 
shoWn in FIG. 3 to form a recess 40, Which extends into the 
clip body 38. The recesses 40 accommodate the reticulated 
Wire mesh member 18 so as to secure the clips 33 thereto. 
The clips 33 are embedded Within the part 14 so that the only 
portion Which extends outWard therefrom is the hook 36, 
Which are in alignment With one another. These hooks 36 
extend out from the part 14 along the recessed inner portion 
32 of the longitudinal edges 31, as shoWn for the right side 
of the part 14 in FIG. 3. 

[0032] With reference to FIG. 4, the part 12 also has tWo 
parallel longitudinal edges 45 comprised of a recessed inner 
portion 46 adjacent the mat 20 and an outer built-up section 
48 adjacent to the recessed portion 46. The reticulated Wire 
mesh member 18 extends out of the respective longitudinal 
edges 45 in the area of the recessed inner portion 46 to form 
tWo closed loops 50 along each edge 45. The loops 50 are in 
angular relationship to longitudinal axis 51 of the heat 
insulating refractory member 10 (also see FIG. 1) to form 
openings, Which are in alignment With one another. 

[0033] The parts 12 and 14 of the refractory member 10 
are joined together about an absorptive element, e.g., the 
Water-cooled pipe 24, to be thermally insulated and, option 
ally, protected by positioning each part about the Water 
cooled pipe 24 and inserting the hooks 36 of the part 14 into 
the loops 50 of the part 12 to form the connection and the 
refractory article or member 10 of the invention. 

[0034] For a more detailed discussion of joining the parts 
12 and 14 together and for a discussion of other forms of 
connecting refractory parts around Water-cooled structural 
parts for furnaces, reference can be had to Us. Pat. No. 
4,182,609. 

[0035] As can noW be appreciated, the invention also 
contemplates securing the parts 12 and 14 to absorptive 
elements, e.g., Water-cooled members, in any other conve 
nient manner, e.g., by Welding as disclosed in Us. Pat. No. 
2,693,352, the disclosure of Which is hereby incorporated by 
reference. 

[0036] The ?brous thermal insulating mat 20, as shoWn in 
FIGS. 3 and 4, has an exposed outer surface 53. Although 
not limiting to the invention, the invention contemplates 
protecting the mat 20 against damage during storage and 
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handling of the parts 12 and 14 by applying a protective 
layer 55 (a segment of the layer 55 shoWn only in FIG. 4) 
over the exposed surface 53 of the mat 20. The invention is 
not limited to the material of the protective layer 55. In one 
non-limiting embodiment of the invention, the protective 
layer 55 is paper-packing tape having an adhesive surface. 
The adhesive surface of the packing tape is applied to the 
outer surface 53 of the mat 20. In use, the heat from the 
furnace passing through the heat-insulating refractory mem 
ber 10 to the Water-cooled pipe 24 burns the packing tape 55. 

[0037] While speci?c embodiments of the invention have 
been described in detail, it can be appreciated by those 
skilled in the art that this invention is not limited to the 
particular embodiments disclosed and that various modi? 
cations and alternatives to those embodiments can be devel 
oped in light of the overall teachings of the disclosure, and 
it is intended to cover such modi?cations and alternatives 
that are Within the spirit and scope of the invention as 
de?ned by the appended claims. 

What is claimed is: 
1. In a ther'mo-insulation article of the type for insulating 

a heat absorptive element in a heated chamber and having at 
least tWo parts adapted to be connected to form a heat 
insulating member for positioning about the element, each 
part comprising a metal structure in a refractory material, 
Wherein a surface of the refractory material of the parts 
de?ned as an inner surface is designated to face the absorp 
tive element, the improvement comprising: 

a thermo-insulating mat having a ?rst surface and an 
opposite second surface, With the ?rst surface of the 
mat secured to the inner surface and the second surface 
of the mat spaced from the metal structure. 

2. The thermo-insulation article of claim 1, Wherein the 
thermo-insulating mat has a thermal conductivity loWer than 
thermal conductivity of the refractory material underlying 
the mat. 

3. The thermo-insulation article of claim 2, Wherein the 
thermo-insulating mat has a thermal conductivity equal to or 
less than 25% of the thermal conductivity of the refractory 
material underlying the mat. 

4. The thermo-insulation article of claim 3, Wherein the 
thermo-insulating mat has a thermal conductivity equal to or 
less than 10% of the thermal conductivity of the refractory 
material underlying the mat. 

5. The thermo-insulation article of claim 2, Wherein the 
thermo-insulating mat has a thermal conductivity equal to or 
less than 0.15 British thermal units/hour/foot/degrees Fahr 
enheit. 

6. The thermo-insulation article of claim 5, Wherein the 
thermo-insulating mat has a thermal conductivity equal to or 
less than 0.10 British thermal units/hour/foot/degrees Fahr 
enheit. 

7. The thermo-insulation article of claim 5, Wherein the 
thermo-insulating mat has thermal conductivity equal to or 
greater than 0.05 British thermal units/hour/foot/degrees 
Fahrenheit. 

8. The thermo-insulation article of claim 5, Wherein the 
thermal conductivity of the refractory material of the part 
underlying the mat has a thermal conductivity in the range 
of 0.30-0.60 British thermal units/hour/foot/degrees Fahr 
enheit. 

9. The thermo-insulation article of claim 5, Wherein 
density of the refractory material of the parts on a dry basis 
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is in the range of 80-110 pounds/cubic foot and modulus of 
rupture of the refractory material of the parts on a dry basis 
is in the range of 550-1,000 pounds/square inch. 

10. The thermo-insulation article of claim 1, Wherein each 
of the parts has a ?rst side and an opposite second side, and 
the mat of each part has a ?rst edge and an opposite second 
edge, With the ?rst edge of the mats adjacent and spaced 
from the ?rst side of their respective one of the parts and the 
second edge of the mats adjacent and spaced from the 
second side of their respective one of the parts, and a ledge 
of refractory material betWeen the ends of the parts and the 
respective edge of their respective mat. 

11. The thermo-insulation article of claim 10, Wherein the 
ledge has a height of less than 0.75 inch. 

12. The thermo-insulation article of claim 11, Wherein the 
ledge has a height of 0.50 inch. 

13. The thermo-insulation article of claim 1, Wherein the 
?rst surface of the mat is embedded in the refractory material 
of its respective part. 

14. The thermo-insulation article of claim 1, further 
comprising a protective layer over second surface of the 
mats. 

15. The thermo-insulation article of claim 1, Wherein the 
metal structure is a reticulated metal structure solidly 
embedded in the refractory material. 

16. A method of making a thermo-insulation article, 
comprising the steps of: 

positioning a thermo-insulating mat on an inner convex 
surface of a mold, the mat having a predetermined 
thermo conductivity; 

positioning a Wire mesh in the mold over the mat; 
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adding a ?uid refractory material to the mold; and 

solidifying the ?uid refractory material to provide a part 
of the thermo-insulation article, Wherein the solidi?ed 
refractory material has a predetermined thermo con 
ductivity greater than the thermo conductivity of the 
mat. 

17. The method according to claim 16, including the step 
of repeating the steps of positioning a thermo-insulation 
mat, positioning a Wire mesh, adding a ?uid refractory 
material, and solidifying the ?uid refractory material to 
provide a second part of the thermo-insulating article, 
Wherein joining the ?rst and second parts provides the 
thermo-insulating article. 

18. The method according to claim 16, Wherein the mat 
has a ?rst surface and an opposite second surface and the 
?rst surface of the mat is positioned on the inner convex 
surface of the mold, and further comprising the steps of 
removing the part from the mold and applying a protective 
layer over the ?rst surface of the mat. 

19. The method according to claim 16, Wherein the adding 
step includes the step of pressing the ?uid refractory mate 
rial While vibrating the ?uid refractory material to ?ll the 
mold. 

20. The method according to claim 19, Wherein the solid 
refractory material has a thermal conductivity in the range of 
0.30-0.60 British thermal units/hour/foot/degrees Fahren 
heit, a density of 80-110 pounds/cubic foot, and a modulus 
of rupture in the range of 550-l,000 pounds/ square inch. 


